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Project Funders and Partners with EPRI (Project Prime)



© 2019 Electric Power Research Institute, Inc. All rights reserved.w w w . e p r i . c o m3

Project Funders and Partners with EPRI (Project Prime)



© 2019 Electric Power Research Institute, Inc. All rights reserved.w w w . e p r i . c o m4

Webinar Agenda: 
Project Results and Technology Recommendations
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Project Overview: Scope, Features Tested, Summary Results
Ammi Amarnath
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Project Objectives: Next Generation Residential Space Conditioning System
(Next-Gen RSCS) for California
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Next-Generation Space Conditioner Enhancing Technology Features
multiple energy efficiency features integrated into single system

1. Variable Capacity Compressor

2. Variable Speed Indoor Blower 

3. Auto Demand Response

4. Alternative Refrigerant

5. Zonal Control

6. Fault Detection & Diagnostics

7. Dual Fuel (Intelligent Heating)

8. Integrated Ventilation Control
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Next-Gen RSCS Summary Results
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2. Variable Speed Indoor Blower 

3. Auto Demand Response

4. Alternative Refrigerant

5. Zonal Control

6. Fault Detection & Diagnostics

7. Dual Fuel (Intelligent Heating)

8. Integrated Ventilation Control
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Project Methodology
Sara Beaini
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Technology Attributes Lab Tested in Phase 1 and Phase 2
Technology Attributes EPRI PG&E WCEC

Ph
as

e 
1

Variable-Capacity Compressor
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Laboratory Evaluation: Phase 1 and Phase 2
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Attribute/IOU PG&E SCE SDG&E

City West Sacramento Chino Hills San Diego

Climate Zone 12 10 7

Area (Ft2) 2507 1850 1906

Home Vintage 2008 1993 1980

Existing HVAC
Ducted AC                

with Gas Furnace
Ducted AC                

with Gas Furnace
Ducted AC            

with Gas Furnace

Location of Ducts Attic Attic Attic

Existing AC Size 
(Tons)

3-ton Condenser           
4-ton AHU

4 4

Floors 2 2 1

Number of Bedrooms 3 4 3

Number of Residents 4 + 1 pet 4 + 1 pet 1+3 pets

Installed Size of 
Next-Gen RSCS

4- ton ducted split
w/ gas furnace 

4- ton ducted split 
w/ gas furnace

4- ton ducted split 
w/ gas furnace

New ducting R-6 R-8 R-8

Number of Zones 4 3 2

Phase 3 Field Evaluation
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Technology Features Evaluated by Project Phase
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Field Installation: Host Sites

PG&E site SCE site SDG&E site
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Field Installation: System M&V 
Outdoor Unit Indoor Air Handling Unit EWC Controller

EPRI M&V BoxAttic DuctingThermostat and sensors
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Next-Gen RSCS: Homeowner’s Feedback
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Next-Gen RSCS Evaluation Results
Aaron Tam, Sara Beaini, Curtis Harrington
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Next-Gen RSCS Evaluation Results

Next-Gen RSCS provides 22-32% cooling energy savings and over 90% of annual 
heating load without backup for CA.

1. Variable Capacity Compressor

2. Variable Speed Indoor Blower 

3. Auto Demand Response

4. Alternative Refrigerant

5. Zonal Control

6. Fault Detection & Diagnostics

7. Dual Fuel (Intelligent Heating)

8. Integrated Ventilation Control
Unit cooling efficiency results @ PG&E site
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Unit heating efficiency results @ PG&E site
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Dual fuel functionality adds versatility to Next-Gen RSCS to provide intelligent 
heating capability in the future
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1. Variable Capacity Compressor

2. Variable Speed Indoor Blower 

3. Auto Demand Response

4. Alternative Refrigerant

5. Zonal Control

6. Fault Detection & Diagnostics

7. Dual Fuel (Intelligent Heating)

8. Integrated Ventilation Control
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Next-Gen RSCS: Dual Fuel Heating Capability – cont.

Utility rates are primary drivers for incentivizing heat pump usage

Electricity 
[$/kWh]

Gas 
[$/thm]

California Average 0.19 1.25

National Average 0.12 1.05

Utility Rates Information
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Next-Gen RSCS: Dual Fuel Heating Capability – cont.

Heat pumps are well suited for CA climate zones since they can meet almost all 
loads in the heating season without backup

Outdoor 
Temperature 33°F

Indoor Temperature 70°F

Heating Load 24,000 Btu/h

Design Point for PG&E site

15 20 25 30 35 40 45 50 55 60 65 70

Ambient Temperature (°F)

0

1

2

3

4

5

6

H
ea

tin
g 

Lo
ad

 (
B

T
U

/h
)

10
4

Heating Load

Max. Capacity

Balance Pt

Design Pt

23 °F

No heating load 
at 65 °F

Average coldest temperature 
in CA climate zones



© 2019 Electric Power Research Institute, Inc. All rights reserved.w w w . e p r i . c o m22

Next-Gen RSCS Evaluation Results
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Next-Gen RSCS Evaluation Results
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Comparison of R-32 and R-410A in Variable Capacity Heat Pump 

R-32 improves cooling efficiency by 2-3% and peak demand reduction 
by 7-8% compared to R-410A across CA climate zones.

California 
Climate Zone Representative City VCHP 

R-410A
VCHP 
R-32

1 Arcata - -
2 Napa 32.3% +1.8%
3 Oakland 25.5% +2.4%
4 San Jose 29.6% +2.5%
6 Los Angeles 30.2% +2.2%
7 San Diego 28.3% +2.2%
8 Long Beach 29.9% +3.0%

10 Riverside 30.3% +2.2%
12 Stockton 28.6% +2.5%
13 Fresno 28.2% +2.6%
15 Blythe 22.4% +2.7%

Outdoor 
Temperature (F)

VCHP 
R-410A

VCHP 
R-32

95 3.7% 10.4%

105 3.3% 10.3%

115 2.6% 10.8%

Equipment Cooling Efficiency Improvement for 
California Residences

Equipment Cooling Peak Demand 
Reduction for Residences 

22 – 32%  cooling efficiency 
improvement with R-410A VCHP

Additional  2 – 3%  
with R-32 VCHP 

3 – 4%       
peak demand 
reduction with              
R-410A VCHP 

Additional  
7 – 8%  

with          
R-32 VCHP 
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Next-Gen RSCS Evaluation Results
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Next-Gen RSCS Evaluation Results
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Next-Gen RSCS Evaluation Results
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Next-Gen RSCS Evaluation Results
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Equipment COP and Duct Efficiency vs. 
Compressor and Fan-Speed
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Impact of Adding Zoning: (Attic: 115°F,  Indoor: 75°F)

Zoning can significantly reduce duct losses at low speed
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Zoning versus Adding Insulation: (Attic: 115°F, Indoor: 75°F)
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Field Evaluation of Duct Losses
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Delivery Effectiveness for Each Grill

Delivery effectiveness varies between grills and ranged from 20-80%.
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Impact of Duct Velocity and Delivery Effectiveness

R² = 0.8883
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Higher Velocity Resulted in Higher Delivery Effectiveness
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Equipment and System COP (SDG&E)

Cooling Data
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Recommendations and Lessons Learned
Sara Beaini, Curtis Harrington
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Next-Gen RSCS: Key Takeaways
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Suggestion: Configure the Next -Gen RSCS into Different Models

A request to the manufacturers to configure different models of 
Next-Gen RSCS for different market segments/climates/demographics

Next-Gen RSCS
Energy Efficiency Technology Feature

Efficiency/Cost Savings Potential 
compared to 

SEER 14 single speed
without that feature

Base
Model

Intermediate
Model

Premium
Model

Variable-Capacity Compressor & Blower 22% to 32% in this study 
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Opportunities for Future R&D 
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Opportunities for Future R&D…continued
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Technology Transfer
Sara Beaini
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Technology Transfer to Stakeholders 
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Together…Shaping the Future of Electricity
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Ammi Amarnath- aamarnath@epri.com
Sara Beaini- sbeaini@epri.com
Aaron Tam- ATam@epri.com

UC Davis Western Cooling Efficiency Center
Curtis Harrington- csharrington@ucdavis.edu



© 2019 Electric Power Research Institute, Inc. All rights reserved.w w w . e p r i . c o m49

Other Resources

More Information About this Project & Final Report-
http://innovation.energy.ca.gov/SearchResultProject.aspx?p=30005&tks=6368928444674
35460

More Information about EPIC Program-
https://www.energy.ca.gov/research/epic/

More Information about Natural Gas Research Program-
https://www.energy.ca.gov/naturalgas_research/

More Information about EPRI and WECEC-
https://www.epri.com
https://wcec.ucdavis.edu/


	Development and Testing of the Next-Generation Residential Space Conditioner for California�
	Project Funders and Partners with EPRI (Project Prime)
	Project Funders and Partners with EPRI (Project Prime)



